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Abstract
Background: Physiotherapy has long been a routine component of patient rehabilitation following hip
joint replacement. The purpose of this systematic review was to evaluate the effectiveness of
physiotherapy exercise after discharge from hospital on function, walking, range of motion, quality of life
and muscle strength, for osteoarthritic patients following elective primary total hip arthroplasty.
Methods: Design: Systematic review, using the Cochrane Collaboration Handbook for Systematic
Reviews of Interventions and the Quorom Statement.
Database searches: AMED, CINAHL, EMBASE, KingsFund, MEDLINE, Cochrane library (Cochrane reviews,
Cochrane Central Register of Controlled Trials, DARE), PEDro, The Department of Health National
Research Register. Handsearches: Physiotherapy, Physical Therapy, Journal of Bone and Joint Surgery (Britain)
Conference Proceedings. No language restrictions were applied.
Selection: Trials comparing physiotherapy exercise versus usual/standard care, or comparing two types of
relevant exercise physiotherapy, following discharge from hospital after elective primary total hip
replacement for osteoarthritis were reviewed.
Outcomes: Functional activities of daily living, walking, quality of life, muscle strength and range of hip joint
motion. Trial quality was extensively evaluated. Narrative synthesis plus meta-analytic summaries were
performed to summarise the data.
Results: 8 trials were identified. Trial quality was mixed. Generally poor trial quality, quantity and diversity
prevented explanatory meta-analyses. The results were synthesised and meta-analytic summaries were
used where possible to provide a formal summary of results. Results indicate that physiotherapy exercise
after discharge following total hip replacement has the potential to benefit patients.
Conclusion: Insufficient evidence exists to establish the effectiveness of physiotherapy exercise following
primary hip replacement for osteoarthritis. Further well designed trials are required to determine the
value of post discharge exercise following this increasingly common surgical procedure.
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Osteoarthritis is the commonest cause of disability in
older people [1]. Prevalence figures for hip osteoarthritis
range from 7–25% in people aged over fifty five [2] with
over 70% of sufferers experience pain and limitations in
performing activities of daily living, such as mobility out-
side the home [3]. Effective treatment exists for end-stage
disease in the form of joint arthroplasty [4]. The number
of primary total hip replacements procedures for osteoar-
thritis continues to rise steadily with 51,981 procedures
reported for England and Wales in 2006 [5]. Traditionally,
physiotherapy has been a routine component of patient
rehabilitation following hip joint replacement. Due to the
introduction of initiatives such as integrated care path-
ways, the length of hospital stay following joint replace-
ment surgery has markedly and rapidly decreased [6],
with the duration period for post operative in-patient
physiotherapy being reduced. For patients without inca-
pacitating systemic or life threatening disease the average
length of stay in hospital between 2003–2006 was 7.4–
8.9 days in England and Wales [6]. It is known that
impairments and functional limitations remain a year
after surgery [7] so the effectiveness of post discharge
physiotherapy upon functional ability after hip replace-
ment is a valid question. Current uncertainty regarding
effectiveness makes it difficult for primary care commis-
sioning organisations to determine whether to provide a
post discharge physiotherapy service to patients, for pri-
mary health care practitioners advising patients regarding
follow up after discharge and for patients making deci-
sions about their own health care. Several general reviews
of the literature surrounding rehabilitation following hip
joint replacement exist [7-9] and one recent review, lim-
ited to Medline and Cochrane databases, for literature
regarding physical training before and after hip and knee
arthroplasty [10]. This narrative review was date limited
(1996–2006), did not include physiotherapy/physical
therapy as a search term, did not search other databases
likely to contain allied health professional research
records and did not identify the majority of trials included
in this review. Since Dauty et al (1997) [10] considered
physical training rather than physiotherapy practice there
have not been, as yet, any systematic reviews exploring the
effectiveness of post discharge physiotherapy following
hip joint replacement surgery. We aimed to review, sys-
tematically, randomised controlled trials in order to
answer the following question 'To what extent is post dis-
charge physiotherapy exercise effective, in terms of
improving function, quality of life, mobility, range of hip
joint motion and muscle strength, for osteoarthritic
patients following elective primary unilateral total hip
arthroplasty?'
Methods
Ethical Approval
The Oxford Local Research Ethics Committee awarded
approval for this study (AQREC No: A03.018).
Searching
In March 2005 and April 2007 we identified clinical trials
by simultaneously searching AMED (from 1985),
CINAHL (from1982), EMBASE (from1974), KingsFund
Database (from1979) and MEDLINE (from 1966). The
Cochrane library, PEDro physiotherapy evidence database
and The Department of Health National Research Register
were also searched. In July 2005 and April 2007 we hand
searched Physiotherapy (1985–March 2007 inclusive),
Physical Therapy (1985–April 2007 inclusive) to double
check for trials. The conference proceedings in the Journal
of Bone and Joint Surgery (Britain) (1985–2006 inclusive)
were also handsearched, as were the reference lists of
included trials. The location of Physiotherapy trials is dif-
ficult therefore, although time consuming, multiple gen-
eral searches were considered the optimum location
method. This review is part of a series with both knee and
hip search terms being included. Searches are summarised
in Table 1. No language restrictions were applied. Profes-
sional translation of non English language articles was
obtained using a translation service familiar with medical
terminology.
Selection
We sought prospective comparative clinical trials of
patients undergoing total hip replacement for osteoarthri-
tis who received a physiotherapy exercise rehabilitation
intervention following discharge from hospital post-oper-
atively. We used broad definitions of "physiotherapy" and
"exercise" to include any exercises or exercise programme
advised or provided by physiotherapists/physical thera-
pists during the rehabilitative period after discharge from
hospital after surgery occurring in the out patient, com-
munity or home setting. This is not to say other forms of
exercise are considered lesser in any way, only that our
area of interest was physiotherapy practice. Trials were
included if they compared a physiotherapy intervention
versus usual or standard care or compared two different
types of relevant physiotherapy intervention. We excluded
trials in which the intervention consisted of an electrical
adjunct to physiotherapy. Effectiveness outcomes
included in trials were measures of functional activities of
daily living, walking, self report measures of quality of
life, muscle strength and range of hip joint motion. As
most trials use functional measures, which include pain,
rather than specific pain outcomes, it was not considered
possible to include pain as a separate effectiveness out-
come. Study eligibility was assessed and agreed by two
reviewers (CML and CS).Page 2 of 14
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Source Searches and Search Terms Mar–Jul 2005 Hits* 
(number of new relevant records)
2005–April 2007 Hits* 
(number of new relevant records)
KA24:
AMED 1985 -
CINAHL 1982-
EMBASE 1974-
Kingsfund 1979-
MEDLINE 1966-
1. "hip" OR "knee" 
(whole document)
AND "replacement" OR 
"arthroplast$" (whole document)
AND "rehabilitation" AND "trial$" 
(whole document)
587 (25) 180 (0)
2. "hip" OR "knee" 
(whole document)
AND "replacement" OR 
"arthroplast$" (whole document)
AND "rehabilitation" AND "trial$" 
(title)
118 (11) 1 (0)
3. "hip" OR "knee" 
(whole document)
AND "replacement" OR 
"arthroplast$" (whole document)
AND "physiotherapy" AND 
"trial$" (title)
2 (0) 4 (0)
4. "hip" OR "knee" 
(whole document)
AND "replacement" OR 
"arthroplast$" (whole document)
AND "physiotherapy" (title)
39 (0) 14 (0)
5. "hip" OR "knee" 
(whole document)
AND "replacement" OR 
"arthroplast$" (whole document)
AND "physical therapy" (title)
43 (8) 15 (0)
6. "hip" OR "knee" 
(whole document)
AND "replacement" OR 
"arthroplast$" (whole document)
AND "home programme" (title)
2 (0) 1 (0)
7. "hip" OR "knee" 
(whole document)
AND "replacement" OR 
"arthroplast$" (whole document)
AND "home programme" 
(whole document)
22 (2) 27 (0)
8. "hip" OR "knee" 
(whole document)
AND "replacement" OR 
"arthroplast$" (whole document)
AND "occupational therapy " 
(whole document)
35 (0) 3 (0)
9. "hip" OR "knee" 
(whole document)
AND "occupational therapist$" 
(title)
0 (0) 3 (0)
Cochrane library:
Cochrane reviews
CCRCT DARE
1. Browsed by topic 
musculoskeletal
Search narrowed osteoarthritis
Search narrowed rehabilitation
9 11Page 3 of 14
(page number not for citation purposes)
BMC Musculoskeletal Disorders 2009, 10:98 http://www.biomedcentral.com/1471-2474/10/98Validity assessment, data abstraction and quality 
assessment
We developed and piloted a data extraction form, using
quality indicators from the CONSORT statement [11] and
the CASP guidelines [12] (Table 2). Similar analysis of
individual quality components is a previously used
approach within physiotherapy reviews [13,14] and is
advocated to avoid known problems associated with exist-
ing composite scores [15]. Items could be marked as yes,
no, unclear or partial. Items were only marked as yes if
they fully and explicitly met the detailed criteria laid out
in the CONSORT standards [11]. Two non English lan-
guage trials were identified and translated, one of which
was written up in summary form rather than as a journal
paper and could not be included in this assessment of
quality for the review [16]. Two reviewers independently
extracted the data (CML and KB). KB was masked to the
key details of each English language paper and the extent
to which masking was successful was assessed. The two
non English trials were excluded from this masked moni-
toring process since the translations arrived in non journal
format after this process was completed. The masking
rates were 83.33% for authors, 33.33% for journals, and
100% for author affiliations, funding sources, and study
location; all rates were considered successful bar journal
of publication. The level of agreement between reviewers,
using the component checklist, was 70.45%, (kappa
0.570, intraclass correlation coefficient (2,1) 0.699 (95%
CI 0.606 to 0.770).
Any initial disagreements regarding study quality were
discussed until consensus was reached. Major disagree-
ment was rare, usually disagreement was the more minor
"yes" to "partial/unclear" or "no" to "partial/unclear" and
100% agreement was obtained. A third reviewer (CS) was
available in the event of consensus not being reached but
in the event this was not required. Where key study details
were absent or unclear the authors were contacted for fur-
ther information.
The quality of the studies evaluated in this review was
mixed and generally poor (Table 2) with much relevant
2. General search term "joint 
replacement"
80 18
PEDro physiotherapy evidence 
database
1. "joint replacement AND 
rehabilitation"
1 (0) 17 (0)
2. "joint replacement" 5 (0) 45 (0)
Dept of Health National Research 
Register
1. "joint replacement AND 
rehabilitation"
0 19 (1)
2. "joint replacement AND 
physiotherapy"
7 9 (0)
3. "joint replacement AND 
exercise"
2 (0) 6 (0)
4. "joint replacement AND 
physical therapy"
3 (0) 5 (0)
5. "joint arthroplasty AND 
physiotherapy"
0 0
6. "joint arthroplasty AND 
rehabilitation"
2 (1) 2 (0)
7. "joint replacement AND 
occupational therapy"
5 (0) 5 (0)
Physiotherapy Key journal – Hand search of 
contents pages
Nil new Nil new
Physical Therapy Key journal – Hand search of 
contents pages
Nil new Nil new
JBJS [Br] Hand search of all conference 
proceedings
2 new 1
Reference lists Hand searching of papers included 
in the review
1 new.
Totals 965 (50) 386 (2)
* Numbers following use of removal of duplicates commands when available.
Table 1: Search Strategy for Systematic Review. (Continued)Page 4 of 14
(page number not for citation purposes)
BMC Musculoskeletal Disorders 2009, 10:98 http://www.biomedcentral.com/1471-2474/10/98Table 2: Quality component checklist and quality evaluation of seven trials included in the review (Kaae et al.,1989 excluded*).
Does the study/author 
information adequately 
contain the following:
Jan et al., 
2004
Johnsson et al., 
1988
Nyberg & 
Kreuter, 2002
Patterson et 
al., 1995
Sashika et al., 
1996
Suetta et al., 
2004
Trudelle-
Jackson & 
Smith 2004
Rationale for study Y Y Y Y Y Y Y
Eligibility criteria Y P Y Y Y Y Y
Recruitment method N N P P Y P Y
Settings and location of 
study
P P Y Y P P P
Intervention Y P Y P Y P Y
Objectives/hypotheses P P N P P Y Y
Defined outcome 
measures
Y P N N P Y Y
Quality enhancers (e.g. 
multiple observations)
Y N P N P Y
Sample size 
determination
Y N N N P Y N
Randomisation Alternately 
assigned
Y Alternately 
assigned
Assigned by 
location
Not 
randomised
Y Y
Randomisation 
sequence generation
Y N Y Y I Y Y
Allocation concealment N N Y N N N N
Randomisation 
implementation 
methods
N N N N N N N
Blinding – participant N N N N N N Y
Blinding – of those 
administering the 
intervention
N N N N N P NPage 5 of 14
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assessments
Y N Y Y N Not all blinded Not blinded
Statistical methods Y P Y Y N Y Y
Flow of participants 
through each stage
Y U Y N P P Y
Recruitment and follow 
up dates
N N Y N N P N
Baseline demographics Y N P Y Y Y Y
Numbers analysed 
(and ITT)
Y U P U Y P Y
Summary of Results P P P Y P Y Y
Estimated effect sizes N P N N N N N
Precision N N N Y N Y N
Results for each 
outcome
Y Y Y Y P Y Y
Ancillary analyses P N I N N N N
Adverse events P P Y N P N N
Interpretation P P P P N N P
Generalisability P P Y P N N N
Results placed into 
context
P P P P P P P
Judged to be of sufficient 
quality for inclusion in 
explanatory meta-
analyses?
N N N N N Y Y for Oxford 
hip score only
Key: Y = Yes, included in paper/information to meet CONSORT level standards. N = not provided in paper/information. I = considered 
inappropriate/impossible.
P = Partially evident in paper/information. U = not fully provided/explained in paper/information and therefore unclear/ambiguous. *This trial was 
written up in summary form rather than as a journal paper.
Table 2: Quality component checklist and quality evaluation of seven trials included in the review (Kaae et al.,1989 excluded*). Page 6 of 14
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was paid to the likelihood of serious potential bias being
created throughout the assessment of quality decision
making processes and this was taken into account when
assessing individual trials. Only two papers were judged
to be of sufficient quality to have been fully able to
include in explanatory meta-analyses (with appropriate
sensitivity analyses for blinding) if differing outcomes had
not prevented these from occurring (Table 2). Problems
existed within essential areas of trial quality in some trials.
While one trial accurately identified itself as a non ran-
domised trial [17] three others erroneously stated they
were randomised trials. Two of these studies alternately
assigned participants [18,19] which, since alternation is a
non random "deterministic" approach [11], cannot be
considered true randomisation. One further study
assigned participants upon the basis of where they lived
[20], another non random approach. Information pro-
vided regarding allocation concealment was inadequate
for the majority of trials. Many studies either provided
inadequate information regarding whether outcomes
were measured by an assessor blinded to treatment alloca-
tion [17,21] or stated that such blind outcome measure-
ment could not take place [22,23]. Whilst more recent
trials were more likely to provide a justification of sample
size, sample sizes were generally small (see Additional file
1) with most trials including fewer than forty subjects
(range n = 20–58).
Quantitative Data Synthesis
Despite the mixed and generally poor quality of the trials
and their diverse outcomes we decided that it would be
helpful to present a formal summary of the results where
it was possible to perform such summaries. Sufficient data
made this possible for both walking speed and hip abduc-
tor muscle strength but not function, range of joint
motion or quality of life. For walking speed we first syn-
thesised the results within in each study using the meth-
ods described by Gleser and Olkin (1994) [24] and we
then combined these weighted mean differences to form
a conventional fixed effects meta-analytic summary.
Because we have no information about the correlation
between measures within studies we carried out the anal-
ysis assuming a correlation of 0.8 and as a sensitivity anal-
ysis also used values of 0.2 and 0.5. For hip abductor
muscle strength we carried out a conventional fixed effects
analysis using standardised effect sizes. Since it is our
object to present a summary rather than to encourage gen-
eralisability beyond these studies we neither used random
effects nor present a formal assessment of heterogeneity.
The assessment of publication bias was felt to be inappro-
priate due to the small number of trials available for inclu-
sion in the review.
Results
27 potentially relevant studies were identified and
screened for retrieval. Of these, a total of 8 studies [16-23]
were included in the systematic review. A summary is pro-
vided in the flow diagram in Figure 1. Table 3 contains a
list of excluded studies [25-43].
Study Characteristics
The characteristics of the studies included in the trial are
summarized in a table in Additional file 1. This table pro-
vides information regarding the participants, the interven-
tions, the main outcomes and the conclusions reached by
the authors.
Summary of the Interventions and Comparisons
Details of the intervention and comparison groups were
available from the papers and authors and these are sum-
marised in a table in Additional file 2. The interventions
provided to participants in the trials included in this
review showed variation. One trial intervention consisted
of a home exercise programme [17], one intervention was
a home exercise programme with follow up visits to check
and progress exercises [23], another also included a home
exercise programme but with additional visits and tele-
phone calls where necessary [18]. The exercises incorpo-
rated into trials also varied from addressing range of
Table 3: Studies Excluded from the Review.
Reason for Exclusion Study
Not a clinical trial Cullen et al., 1973 [25]
Drabsch et al., 1998 [26]
Freburger 2000 [27]
Lapshin et al., 2002 [28]
Richardson 1975 [29]
Shih et al., 1994 [30]
In patient intervention Chen et al., 2004 [31]
Grange et al., 2004 [32]
Hesse et al., 2003 [33]
Hughes et al., 1993 [34]
Lang 1998 [35]
Maire et al., 2004 [36]
Munin et al., 1998 [37]
Osteopathic manipulation intervention Licciardone et al., 2004 [38]
Pre operative intervention Gursen & Ahrens 2003 [39]
Pre op and post op intervention Gilbey et al., 2003 [40]
Apparent multiple trial reports Gilbey et al., 2003b [41]
Werner et al., 2004 [42]
Inclusion criteria of injurious falls Hauer et al., 2002 [43]Page 7 of 14
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BMC Musculoskeletal Disorders 2009, 10:98 http://www.biomedcentral.com/1471-2474/10/98motion and strengthening [17,18] to targeting strength,
postural stability and functional exercises [23].
The majority of trial interventions included some form of
outpatient physiotherapy. This ranged from aerobic dance
routines [20] to individualised physiotherapy treatment
[16] to group training [19] to supervised strengthening
sessions [22] and supervised exercising sessions plus
home exercises [21]. The majority of trials allocated par-
ticipants to intervention or control groups [16-18,20,21].
Three trials, occurring soon after surgery, compared the
intervention group against an intervention based on usual
care. These were described as traditional isometric and
active range of movement exercises [23], a home exercise
programme [19] and standard rehabilitation [22].
The timing of the intervention also varied. Some interven-
tions started soon after surgery [22], and five weeks [16]
and eight weeks [19] after discharge from hospital, while
others took place up to several years post operatively
[17,18].
The duration of interventions provided to trial partici-
pants ranged from 5–8 weeks [16,17,21,23] to pro-
grammes lasting around three to four months [18-20,22].
The frequency of physiotherapy ranged from daily
[16,17,22] to 1–4 times per week [16,19-21,23]. Partici-
pants were usually followed up immediately post inter-
vention with no long term follow up, except for Kaae et al,
1989 [16] who additionally included a 6 month follow up
(additional file 1).
Trial Flow diagram to summarise the stages of the systematic reviewFigure 1
Trial Flow diagram to summarise the stages of the systematic review.
 
Citations identified by all searches  (n=1351)  
 
                                                                  Rejected on title, abstract and keywords (n=1299) 
 
Citations only relevant to knee review removed (n=25)  
 
 
Potentially relevant RCT abstracts identified and screened for retrieval (n=27) 
                                                                          13 abstracts excluded (see Table 3) 
                                                                                   n= 5 not a rct 
                                                                                   n= 4 inpatient intervention 
                                                                                   n=2 duplicate trial reports  
                                                                                   n=1 osteopathic manipulation intervention 
 n= 1 pre op and post op intervention  
 
Full papers obtained and screened for retrieval (n=14) 
                                                                                     6  papers excluded 
      n= 1 preoperative intervention 
                                                               n= 3 inpatient intervention   
n=1 not a trial 
     n = 1 patients with injurious falls 
RCTs evaluated in detail (n=8) 
 
 
 
RCTs suitable for inclusion/part              RCTs excluded from meta-analysis (n=6) 
inclusion in meta-analysis (n=2) Page 8 of 14
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participants)
Six studies reported results for functional activity meas-
ures [16-19,21,23]. The measures used included the fol-
lowing: The Oxford Hip Score [23], The McMaster
Toronto Arthritis Patient Preference Disability Question-
naire (MACTAR) [19], the functional component of the
Harris Hip Score [18], Unspecified activities of daily liv-
ing/patterns of activity self report measures [16,21] and
the Japanese Orthopaedic Score [17]. It can be seen that
every study measured function differently and we felt that
there was too much variety to usefully combine the results
in a meta-analytic summary.
Within the individual trials, three demonstrated no
observed significant differences between groups
[16,19,21] while one trial used the score to describe the
group characteristics at baseline [17]. Two recent trials
[18,23] showed significant within group differences for
the treatment arm only, indicating a treatment benefit
within the treatment groups. Trudelle-Jackson and Smith,
2004[23] report a pre-intervention median Oxford Hip
Score of 21 (range 15–33) and post-intervention median
of 16 (range 12–38) for the treatment arm; Wilcoxon
signed-rank test results revealed a significant difference z =
-2.55, p = 0.01. Jan et al, 2004 [18] report functional com-
ponent Harris Hip Score pre and post intervention means
for their high compliance group of 11.7 (SD ± 0.8) and
13.1 (SD ± 0.6) respectively; Wilcoxon signed-rank test
results reported a significant difference at p < 0.05 level. A
personal communication from the authors reports the sig-
nificant results (p < 0.05) for the exercise group as a
whole; namely a pre intervention mean of 11.8 (± 0.8)
and post mean of 12.9 (± 0.6).
Walking (6 trials, 212 participants)
Some form of walking outcome measurement was used in
six trials [16-21] although the means by which walking
was measured varied. Mean "comfortable" walking speed
over an unspecified time/distance measured in m/sec was
measured in one trial [20]. Walking speeds in m/min were
provided in two trials [17,18]. Jan et al, 2004 [18] meas-
ured fast and free walking speeds on hard and grass sur-
faces plus free walking speed measured on a spongy
surface, whilst Sashika et al, 1996 [17] provided no fur-
ther details of the test. Maximum walking speeds were
provided in two trials [19,21]. Few procedural details were
provided by Johnsson et al, 1998 [21] while Nyberg and
Kreuter, 2002 [19] measured self selected maximum walk-
ing speed in seconds over a 30 m walkway. A twelve
minute stamina walking test, without walking aids, on a
treadmill was used by Kaae et al, 1989 [16]. In addition,
cadence [17] and subjective gait analyses were included in
one trial each [16].
The results from these trials are mixed. No significant dif-
ferences were observed between groups in 2 trials [19,21].
Observed differences between groups were noted in walk-
ing stamina by Kaae et al, 1989 [16] and found to be sig-
nificant in another trial (p < 0.05) [20]. In this trial, by
Patterson et al, 1995, walking speed (m/sec) changed
from a baseline mean of 1.28 (95% CI 1.18 to 1.38) to
1.41 (95% CI 1.31 to 1.51) post intervention for the inter-
vention group and from 1.25 (95% CI 1.14 to 1.36) to
1.20 (95% CI 1.04 to 1.36) for the control group.
In addition, significant differences within interventions
groups within a trial were observed within 2 trials [17,18].
Sashika et al, 1996 [17] report significant (p < 0.05) mean
changes from 60.1 m/min to 63.6 m/min for group 1
(Table 1), and from 64.4 m/min to 69 m/min for group 2.
Control group changes (non significant) were slower
throughout from 57.4 m/min to 58.7 m/min. Jan et al,
2004 [18] report significant results for all forms of walk-
ing measured within the high compliance subgroup.
However, within the exercise group as a whole, significant
pre and post intervention differences (p < 0.05) were
present for fast walking on level ground (pre intervention
mean 86.8 m/min, SD ± 8.4 and post intervention mean
94.6 m/min, SD ± 16.8) and fast walking on grass (pre
intervention mean 77.7 m/min, SD ± 8.1 and post inter-
vention mean 84.4 m/min, SD ± 10.2). Free walking and
walking on spongy surfaces results were not significant
(personal communication).
Figure 2 presents the results of the quantitative analysis of
walking speeds. The top part presents the results for each
study for each measure considered, and for Sashika et al,
1996 [17] it shows the results of splitting the treatment
group (as reported in the publication) as well as that of
pooling it. The next part of the figure shows the summa-
rised effect within each study (where appropriate). It is
these four effects which are the subject of the meta-analy-
sis. We have assumed that the correlation between each
measure within each study was 0.8. The final part of the
figure presents our summary values from the meta-analy-
sis. The top one is for a correlation of 0.8 and the other
two represent our sensitivity analysis assuming correla-
tions of 0.2 or 0.5. As can be seen the substantive conclu-
sion is similar but the smaller the within study correlation
the more striking the overall summary appears and we
have therefore chosen the more conservative value for our
presentation.
Range of joint motion (4 trials, 134 participants)
Range of motion was used as an outcome measure in four
trials [16,17,19,21]. Johnsson et al, 1998 [21] measured
passive hip flexion, extension defect, abduction and
adduction. Nyberg and Kreuter, 2002 [19] measured pas-
sive hip flexion, extension, abduction and internal rota-Page 9 of 14
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1989 [16] provide few details regarding measurement.
Sashika et al, 1996 [17] evaluated hip range of motion
finding that hip flexion did not improve significantly
within any groups. No significant differences between
groups for hip joint range of motion were reported in the
remaining three trials [16,19,21] and the lack of reported
data prevented a useful meta-analytic summary.
Muscle strength (6 trials, 207 participants)
Muscle strength was used as an outcome measure in six
trials [16-18,21-23] and, once again, methodologies var-
ied. Isometric quadriceps muscle force measurements,
measured using dynamometry, were obtained by Suetta et
al, 2004 [22], who used a maximal voluntary contraction
approach, and Sashika et al, 1996 [17], who measured hip
abductor maximal isometric torque. Johnsson et al, 1998
[21] also measured isometric muscle strength, of hip flex-
ors, extensors, abductors and adductors and knee exten-
sors and flexors, but used a different approach
incorporating a strain gauge. Jan et al, 2004 [18] again
used dynamometry, this time to measure isokinetic hip
abductor, flexor and extensor muscle strength. Trudelle-
Jackson and Smith, 2004 [23], used a BEP-IIIa force trans-
ducer and measured hip flexor, hip extensor, hip abductor
and knee extensor muscle strength via a "make test".
Finally both Kaae et al, 1989 [16] and Sashika et al, 1996
[17] used manual muscle testing.
In summary, no differences between groups were
observed in 2 studies [16,21]. Statistically significant dif-
ferences (p < 0.05) between and within groups were
observed in one study [22]. Baseline quadriceps isometric
strength mean values (operated leg) were 122.9 Nm (SE ±
17.2) for the intervention group and 119.2 (SE ± 15.9) for
the standard rehabilitation group. At 12 weeks these val-
ues had changed to 119.2 Nm (SE ± 17.8) for the interven-
tion group and 117.4 (SE ± 13.8) for the standard group.
Between group significant differences (p < 0.05) were also
present for vastus lateralis mean average voltages, using
EMG, again in favour of the intervention group. Within
group significant differences were also observed within
Meta-analytic summary for walking speedFigure 2
Meta-analytic summary for walking speed. Figure provides standardised effect sizes plus 95% confidence intervals.
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ment (26–45% increase p < 0.05) and contractile impulse
(27–32% p < 0.05).
In addition, statistically significant differences, within
intervention groups, were observed in 2 studies [18,23].
Trudelle-Jackson and Smith, 2004 [23] report muscle
strength (Nm) percentage change from baseline to post
intervention. Within the intervention group, hip flexors =
24.4%, hip extensors = 47.8, hip abductors = 41.2% and
knee extensors = 23.4%; all statistically significant
changes (p < 0.05) which demonstrated improved muscle
strength. Whereas no significant differences occurred
within the control group; hip flexors = 7.2% change, hip
extensors = 3.6%, hip abductors = 3.3% and knee exten-
sors = 1%. Jan et al (2004) [18] demonstrated hip abduc-
tor, flexor and extensor muscle strength (operated side) to
be significantly different (p <0.05) between pre and post
intervention time points within the exercise group but not
within the control group (personal communication). Hip
abductor mean values were 53.5 Nm (SD ± 18.4) pre
intervention and 59.9 (SD ± 18.2) post intervention for
the intervention group and 55.7 (SD ± 17.7) and 52 (SD
± 21) for the control group. Hip flexor strength was 49.2
Nm (SD ± 19.2) pre intervention and 54.5 (SD ± 17) post
intervention within the intervention group and 54.2 (SD
± 22.5) and 50.8 (SD ± 21.2) within the control group.
Hip extensor mean values were 71.4 Nm (SD ± 23.4) pre
intervention and 76.1 (SD ± 24.9) post intervention for
the intervention group and 74.8 (SD ± 31.1) and 72.5 (SD
± 24.2) for the control group. When the results were fur-
ther broken down to reflect high and low compliance sub-
groups [18], both operated and non operated sides
demonstrated significantly different pre and post inter-
vention values within the intervention group.
Figure 3 presents the results of the quantitative analysis of
hip abductor muscle strength for studies including suffi-
cient data. The summary suggests that physiotherapy exer-
cise shows promise in increasing hip abductor strength for
this patient group. There were insufficient studies includ-
ing hip extensor and hip flexor strength to make meta-
analytic summaries useful for these muscle groups.
Quality of Life (1 trial, 55 participants)
A 0–100 mm visual analogue scale to measure quality of
life was used in one trial [19]. No significant differences
between the groups were demonstrated.
Discussion
Summary of principal findings
This systematic review finds that it is not yet possible to
establish the extent to which post discharge physiotherapy
exercise is effective, in terms of improving function, qual-
ity of life, mobility, range of hip joint motion and muscle
strength, for osteoarthritic patients following elective pri-
mary unilateral total hip arthroplasty. The diversity and
lack of available trials plus the unsatisfactory quality of
existing trials prevent a definitive answer at this time. Tri-
als provided mixed results and it would also be wrong to
conclude at this time that post discharge physiotherapy is
ineffective, especially since the meta-analytic summaries
of the data indicate promising potential benefit.
Strengths and weaknesses of review procedures
The reviewers believe the search strategy to be comprehen-
sive and to have been successful in locating relevant trials
for inclusion in the review. Physiotherapy literature
remains a difficult area to search, with numerous biblio-
graphic data bases and un-indexed journals [44] and
while every attempt was made to identify studies it is pos-
sible other studies exist. However, this review remains the
most comprehensive to date. The two non English lan-
Meta-analytic summary for hip abductor muscle strengthFigure 3
Meta-analytic summary for hip abductor muscle strength. Figure provides standardised effect sizes plus 95% confi-
dence intervals.
-0.5 0 0.5 1
CI SES 95%
Study 
Jan
Johnsson 6 months
Sashika groups 1 and 2
0.40
0.66
0.35
-0.16
-0.09
-0.56
0.95
1.42
1.26
Summary 0.46 0.061 0.86Page 11 of 14
(page number not for citation purposes)
BMC Musculoskeletal Disorders 2009, 10:98 http://www.biomedcentral.com/1471-2474/10/98guage trials identified in the literature search were profes-
sionally translated to allow full inclusion and to prevent
the introduction of language bias [45,46].
The quality of trials was mixed and generally poor. The tri-
als included in the review spanned nearly thirty years and
it was noticeable that the more recent trials reported nec-
essary information more clearly and comprehensively
than trials published many years previously. This may not
be a reflection on the quality of earlier trials as such, rather
it may be that reporting habits and editorial requirements
have altered and improved over recent years, particularly
since the introduction of the CONSORT statement. Simi-
larly, more recent trials were more likely to justify their
sample sizes and comment upon the power of their stud-
ies than earlier ones. The literature search for this review
included trials up to April 2007 and is considered up to
date.
There were no apparent problems with the data extraction
processes used in this review. Although many quality
checklists and scales exist, there is no accepted "gold
standard" score; component approaches are often pre-
ferred since the wide variety of scores and weighting sys-
tems available mean that the same trial may score as both
high quality and low quality depending on which score is
used [15]. Additionally, many scoring systems downgrade
the quality rating of a trial if it is not double blinded. For
many physiotherapy trials, such as those in this review, it
is inevitable that patients and therapists know whether
they are receiving the physiotherapy intervention or the
control and this is not an indication of low/high trial
quality. For these reasons, as previously [14], we used a
component approach although we accept this is a contro-
versial area of debate.
The independent reviewers showed good percentage
agreement with each other and moderate agreements
when using Cohen's kappa [47] and the Intraclass Corre-
lation Coefficient [48]. This level of initial agreement was
considered acceptable since interpretation of some check-
list items, such as generalisability and overall evidence,
can be subjective. Following discussion both reviewers
were in full agreement for all items for all papers.
Where possible, a comprehensive description of trials
interventions has been presented for the majority of trials
(additional file 2). It was not possible to obtain such
details for all trials, particularly early trials where it was
not possible to track down author contact details. As is
often the case with physiotherapy trials [49], the studies
are small with 282 participants in eight studies. The
number of available studies, and their size and quality,
does limit this review. It is perhaps surprising that so few
published trials exist for such a common and longstand-
ing area of physiotherapy practice. This would seem to be
partially attributable to the general lack of rehabilitation
research undertaken on orthopaedic surgery patients post
discharge, rather than hip replacement patients per se,
since a recent search for knee replacement trials by the
authors revealed a similar lack of trials [14].
It was not possible to include pain as a main outcome in
this review since the studies identified in this review did
not tend to measure pain as a specific outcome. This does
not mean that pain is considered unimportant. Some
available functional measures include a pain subscale
while others, such as the Oxford hip score, include pain as
a component within the score. The influence of pain on
the performance of objective measures also needs to be
considered. However, the means by which pain is meas-
ured may, as in this review, make pain difficult to explore
systematically across studies.
We have tried to summarise the data fully, using meta-
analytic summaries where the data enabled us to do so
appropriately [24] (Figures 2, 3). These figures are
intended to helpfully summarise the data only; we
emphasise that the mixed quality and diversity of trials in
this review prevented explanatory meta-analyses from
being undertaken, since the results would risk being mis-
leading or erroneous, and we do not intend these figures
to be interpreted in this way.
Clinical implications
This review cannot remove the current uncertainty regard-
ing post discharge physiotherapy for this patient group,
although it is useful in summarising the current available
research, in highlighting the lack of existing evidence and
demonstrating the need for such evidence to be obtained.
Commissioning organisations, health care practitioners
and patients still lack conclusive evidence regarding effec-
tiveness when deciding whether to provide/attend post
discharge physiotherapy following elective primary hip
replacement for osteoarthritis. A systematic review includ-
ing meta-analyses for a similar question following knee
replacement [14] provided support for the use of physio-
therapy functional exercise interventions following dis-
charge to obtain short term benefit to patients following
elective primary knee arthroplasty. Whilst differences
between suitable activities and rehabilitation following
joint replacement are recognised for knee and hip
patients, many similarities remain [9] and these results
contribute to the argument for further trials for hip
replacement patients being necessary.
Future directions
The three trials incorporating home exercise programmes
[17,23,23] demonstrated pre-post intervention differ-
ences within the intervention groups but not in the con-Page 12 of 14
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hip replacements some time previously rather than for
people recently discharged from hospital. Trials compar-
ing differences between groups would be valuable. As
would research to explore the optimum time-point at
which to offer any additional post discharge physiother-
apy exercise intervention to patients. The trials which
included out-patient individual or group training follow-
ing discharge tended to report between group differences
with generally negative results [16,19,21] however the
temptation to count up the number of these negative tri-
als, rather than await future high quality trials, should be
avoided. Across the entire body of hip replacement
knowledge, research indicates that hip replacement
patients experience persistent functional and physical lim-
itations at least one year post-operatively [8] when many
follow up studies cease obtaining outcome data. Whether
physiotherapy exercise post discharge can reduce such
limitations therefore remains an important question to
adequately address. Recent research indicates that tradi-
tional physiotherapy following lower limb joint replace-
ment, consisting of range of joint motion and isometric
muscle strengthening exercises plus transfer and gait/
walking aid practice, may also be less effective than pro-
grammes incorporating a more functional, weight bearing
approach to rehabilitation [7,23,50]. We believe it is both
timely and necessary for well conducted clinical trials
investigating the effectiveness of physiotherapy exercise
interventions following discharge after elective primary
total hip replacement surgery to take place for this com-
mon area of clinical practice.
Conclusion
In conclusion, insufficient evidence currently exists to
establish the effectiveness of physiotherapy exercise fol-
lowing primary hip replacement for osteoarthritis. Further
well designed trials are required to determine the value of
post discharge exercise following this common surgical
procedure.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
CJML lead and designed the review, carried out searches
and eligibility checks, reviewed and extracted data, per-
formed qualitative analysis and drafted the manuscript.
KB assisted in designing the review, served as a blind
reviewer, extracted data, performed qualitative analysis
and commented upon the draft manuscript. MED
designed and carried out the quantitative data analysis
and commented upon the draft manuscript. CMS assisted
in designing the review, eligibility checking, and com-
mented upon the draft manuscript.
All authors read and approved the final manuscript.
Additional material
Acknowledgements
We thank Margareta Kreuter, Birgitta Nyberg, Charlotte Suetta, Elaine 
Trudelle-Jackson and Pei-Fang Tang, for providing additional data for the 
review. We also thank Vibeke Pilmark for her assistance in locating the 
paper by Kaae et al, 1989.
C J Minns Lowe is funded by a Nursing and Allied Health Professional 
Researcher Development Award, from the NIHR. C M Sackley is funded by 
a Primary Care Career Scientist Award from the NIHR. All authors state 
this research has been carried out independently and has not been influ-
enced in any way by the research funders.
References
1. Martin J, Meltzer H, Elliot D: OPCS surveys of disability in Great Britain.
Report 1. The prevalence of disability among adults Office of Population
Censuses and Surveys, Social Survey Division. London: HMSO; 1988. 
2. Dougados M, Gueguen A, Nguyen M, Berdah L, Lesquesne M, Maz-
ieres B, Vignon E: Radiological progression of hip osteoarthri-
tis: definition, risk factors and correlations with clinical
status.  Ann Rheum Dis 1996, 55:356-362.
3. Fautrel B, Hilliquin P, Rozenberg S, Allaeart F-A, Coste P, Leclerc A,
Rossignol M: Impact of osteoarthritis: results of a nationwide
survey of 10,000 patients consulting for OA.  Joint Bone Spine
2005, 72:235-240.
4. Birrell F, Croft P, Cooper C, Hosie G, Macfarlane GJ, Silman A: Radi-
ographic change is common in new presenters in primary
care with hip pain.  Rheumatology 2000, 39:772-775.
5. National Joint Registry for England and Wales 4th Annual
Clinical Report   [http://www.njrcentre.org.uk/njrcentre/About
theNJR/Publicationsandreports/Annualreports/Archivedannualre
ports/tabid/87/Default.aspx]. (accessed 27/2/08).
6. National Audit Office: Hip replacements: an update. HC 956 London:
The Stationary Office; 2003. 
7. Trudelle-Jackson E: Balance and postoperative lower extremity
joint replacement.  Orthopaedic Physical Therapy Clinics of North
America 2002, 11(1):101-110.
8. Brander VA, Mullarkey CF: Rehabilitation after total hip
replacement for osteoarthritis.  Physical Medicine and Rehabilita-
tion: State of the Art Reviews 2002, 16(3):415-430.
9. Kuster MS: Exercise recommendations after total joint
replacement a review of the current literature and proposal
of scientifically based guidelines.  Sports Med 2002,
32(7):433-445.
Additional file 1
Study Characteristics of the Trials Evaluated in the Systematic Review 
(n = 8). Table summarising the study characteristics of the trials included 
in the systematic review.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2474-10-98-S1.doc]
Additional file 2
Summary of trial interventions and comparisons included in the hip 
replacement trials (n = 8). Table summarising the interventions pro-
vided to participants within each of the trials included in the systematic 
review
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2474-10-98-S2.doc]Page 13 of 14
(page number not for citation purposes)
BMC Musculoskeletal Disorders 2009, 10:98 http://www.biomedcentral.com/1471-2474/10/9810. Dauty M, Genty M, Ribinik P: Physical training in rehabilitation
programs before and after total hip and knee arthroplasty.
Annales de réadaption et de médecine physique 2007, 50:462-461.
11. Altman DG, Schulz KF, Moher D, Egger M, Davidoff F, Elbourne D,
Gøtzsche PC, Lang T: The revised CONSORT statement for
reporting randomized trials: explanation and elaboration.
Ann Intern Med 2001, 134:663-94.
12. Critical Appraisal Skills Programme  10 questions to help you
make sense of randomised clinical trials  [http://www.phru.nhs.uk/
Doc_Links/rct%20appraisal%20tool.pdf]. (accessed 14/05/05).
13. Shamley DR, Barker K, Simonite V, Beardshaw A: Delayed versus
immediate exercises following surgery for breast cancer: a
systematic review.  Breast Cancer Res Treat 2005, 90:263-271.
14. Minns Lowe CJ, Sackley CM, Barker KL, Dewey ME: Effectiveness
of physiotherapy exercise following knee arthroplasty for
osteoarthritis: a systematic review and meta analysis of ran-
domised controlled trials.  BMJ 2007, 335:812-815.
15. Jüni P, Altman DG, Egger M: Assessing the quality of controlled
clinical trials.  BMJ 2001, 323:42-6.
16. Kaae K, Kristianson B, Clausen L: Hofteprojeckt (Hip Project).
Danske fysioterapeuten 1989, 3:4-9.
17. Sashika H, Matsuba Y, Watanabe Y: Home program of physical
therapy: effect on disabilities of patients with total hip
arthroplasty.  Arch Phys Med Rehabil 1996, 77:273-277.
18. Jan M, Hung J, Lin JC, Wang S, Liu T, Tang P: Effects of a home pro-
gram on strength, walking speed and function after total hip
replacement.  Arch Phys Med Rehabil 2004, 85:1943-1951.
19. Nyberg B, Kreuter M: Sjukgymnastick gruppträning jämfört
med hemträning för patienter opererade med total höftled-
splastik (Physiotherapist-led group training compared to
home training for patients receiving total hip replacements).
Nordisk Fysioterapi 2002, 6:82-88.
20. Patterson AJ, Murphy NM, Nugent A-M, Finlay OE, Nicholls DP,
Boreham CAG, Steele I, Henderson SA, Beringer TRO: The effect
of minimal exercise on fitness in elderly women after hip sur-
gery.  Ulster Med J 1995, 64(2):118-125.
21. Johnsson R, Melander A, Önnerfält R: Physiotherapy after total
hip replacement for primary arthrosis.  Scand J Rehab Med 1988,
20:43-45.
22. Suetta C, Aagaard P, Rosted A, Jakobsen AK, Duus B, Kjaer M, Mag-
nusson SP: Training-induced changes in muscle CSA, muscle
strength, EMG, and rate of force development in elderly sub-
jects after long-term unilateral disuse.  J Appl Physiol 2004,
97:1954-1961.
23. Trudelle-Jackson E, Smith S: Effects of a late-phase exercise pro-
gram after total hip arthroplasty: a randomised controlled
trial.  Arch Phys Med Rehabil 2004, 85:1056-1062.
24. Gleser LJ, Olkin I: Stochastically dependent effect sizes.  In The
handbook of research synthesis Volume Chapter 22. Edited by: Cooper
H, Hedges LV. Russell Sage Foundation: New York; 1994. 
25. Cullen GD, White M, Marx R, Hirz D: Physical therapy for
patients with total hip replacement.  Phys Ther 1973,
53:1293-1294.
26. Drabsch T, Lovenfosse J, Fowler V, Adams R, Drabsch P: Effects of
task-spcific training in walking and sit-to-stand after total hip
replacement.  Aust J Physiother 1998, 44(3):193-198.
27. Freburger JK: An analysis of the relationship between the uti-
lization of physical therapy services and outcomes of care for
patients after total hip arthroplasty.  Phys Ther 2000,
80(5):448-458.
28. Lapshin VP, Chukina EA, Kliukin IIu, Antononv VV, Larionov KS,
Bogoliubskii IuA: Lechebnaia gimnastika v vosstanovitel'nom
lechenii bol'nykh pozhilogo i starcheskogo vozrasta posle
éndoprotezirovaniia tazobedrennogo sustava. (Therapeutic
exercise in rehabilitation of elderly and aged patients after
hip joint replacement).  Voprosy kurortologii fizioterapii i lechebnoi
fizicheskoi kultury 2002:37-39.
29. Richardson RW: Physical therapy management of patients
undergoing total hip replacement.  Phys Ther 1975,
55(9):984-990.
30. Shih C-H, Du Y-K, Lin Y-H, Wu C-C: Muscular recovery around
the hip joint after total hip arthroplasty.  Clin Orthop Relat Res
1994, 302:115-120.
31. Chen WH, Wang Q, Su JC: (Postoperative rehabilitation exer-
cise for the recovery of limb function after total hip replace-
ment).  Chinese Journal of Clinical Rehabilitation 2004,
8(20):3926-3928.
32. Grange CC, Maire J, Groslambert A, Tordi N, Dugue B, Pernin J-N,
Rouillon J-D: Perceived exertion and rehabilitation with arm
crank in elderly patients after total hip arthroplasty: a pre-
liminary study.  J Rehabil Res Dev 2004, 41(4):611-620.
33. Hesse S, Werner C, Seibel H, von Frankenberg S, Kappel E-M, Kirker
S, Käding M: Treadmill training with partial bosy-weight sup-
port after total hip arthroplasty: a randomised controlled
trial.  Arch Phys Med Rehabil 2003, 84:1767-1773.
34. Hughes K, Kuffner L, Dean B: Effect of weekend physical therapy
treatment on postoperative length of stay following total hip
and knee arthroplasty.  Physiother Can 1993, 45(4):245-249.
35. Lang CE: Comparison of 6- and 7-day physical therapy cover-
age on length of stay and discharge outcome for individuals
with total hip and knee arthroplasty.  J Orthop Sports Phys Ther
1998, 28(1):15-22.
36. Maire J, Faillenet A-F, Grange C, Dugué B, Tordi N, Parratte B, Rouil-
lon J-D: A specific arm-interval exercise programme could
improve the health status and walking ability of elderly
patients after total hip arthroplasty; a pilot study.  J Rehabil
Med 2004, 36:92-94.
37. Munin MC, Rudy TE, Glynn NW, Crossett LS, Rubash HE: Early
inpatient rehabilitation after elective hip and knee arthro-
plasty.  JAMA 1998, 279(11):847-852.
38. Licciardone JC, Stoll ST, Cardarelli KM, Gamber RG, Swift JN Jr, Winn
WB: A randomized controlled trial of osteopathic manipula-
tive treatment following knee or hip arthroplasty.  Journal of
the American Osteopathic Association 2004, 104(5):193-202.
39. Gursen MD, Ahrens J: The key to a new home care protocol:
prospective visits.  Caring Magazine 2003, 23(1):40-44.
40. Gilbey HJ, Ackland TR, Tapper J, Wang AW: Perioperative exer-
cise improves function following total hip arthroplasty: a ran-
domized controlled trial.  Journal of Musculoskeletal Research 2003,
7(2):111-123.
41. Gilbey HJ, Ackland TR, Wang AW, Morton AR, Trouchet T, Tapper
J: Exercise improves early functional recovery after total hip
arthroplasty.  Clin Orthop Relat Res 2003, 408:193-200.
42. Werner C, Kappel EM, Sonntag D, Bardeleben A, Käding M, Hesse S:
Laufbandtherapie mit partieller Körpergewichtsentlastung
nach Hüftendoprothese (Treadmill therapy with partial
body weight support after total hip arthroplasty.  Physikalische
Medizin Rehabilitationmedizin Kurortmedizin 2004, 14(3):140-145.
43. Hauer K, Specht N, Schuler M, Bärtsch , Oster P: Intensive physical
training in geriatric patients after severe falls and hip sur-
gery.  Age and Aging 2002, 31:49-57.
44. Knipschild P: Systematic reviews: some examples.  BMJ 1994,
309:719-721.
45. Grégoire G, Derderian F, Le Lorier J: Selecting the language of
the publications included in a meta-analysis: is there a tower
of babel bias?  J Clin Epidemiol 1995, 48(1):159-163.
46. Moher D, Fortin P, Jadad AR, Jüni P, Klassen T, Le Lorier J, Liberati A,
Linde K, Penna AD: Completeness of reporting of trials pub-
lished in languages other than English: implication for con-
duct and reporting of systematic reviews.  Lancet 1996,
347:363-366.
47. Altman DG: Practical statistics for medical research London: Chapman &
Hall; 1991:404. 
48. Landis JR, Koch GG: The measurement of observer agreement
for categorical data.  Biometrics 1997, 33:159-174.
49. Main E: Advantages and limitations of systematic reviews in
physical therapy.  Cardiopulmonary Physical Therapy Journal 2003,
14:24-7.
50. Frost H, Lamb SE, Robertson S: A randomised controlled trial of
exercise to improve mobility and function after elective
knee arthroplasty. Feasibility, results and methodological
difficulties.  Clin Rehabil 2002, 16:200-09.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2474/10/98/pre
pubPage 14 of 14
(page number not for citation purposes)
